Introduction
It is a complex and large-scale task to obtain sufficiently reliable qualitative and quantitative forecast of estimates for the implementation of a project to construct industrial objects. First of all, it is related to the need in a large volume of capital investments to provide specific resources and a necessary amount and variety of unified resources for a construction project. Second, due to the need to obtain a certain value of investments effectiveness in the absence of a single indicator for the probability of reimbursement of expenses.
Modern conditions for the implementation of projects related to construction of industrial objects change very rapidly due to instability of the economic situation; therefore, it is appropriate to base rules for estimation of a quality of investment projects on the investor's policy. That is, the basis of a decision-making process on the initiation of a project is a comprehensive assessment of the potential of a future industrial enterprise in terms of both business operation and production process, that is, the effectiveness of future technology. The first step in the procedure for the selection of the most effective solution in the process of initiation of a project is to form an array of indicators for each phase of PCIO initiation. Indicators will be the basis for a decision on feasibility of project implementation.
At present, tools and methods for making managerial decisions are usually narrow-minded and focused on analysis of a separate project component, whether it is competitiveness of a new product, or economic efficiency of an industrial object, etc. Such detailed specialization in one direction provides high-quality and cost-effective analysis for each project area. Taking into consideration a large scale and complexity of PCIO, a cost of such an analysis at the initiation stage amount to about half of a total project investment. However, it is not correct to spend such significant funds for activities that may not bring in results in the case of refusal to implement PCIO. This fact indicates the low feasibility of performing such a thorough analysis of PCIO at the stage of its initiation.
That is, there is a contradiction between a need for an in-depth analysis of PCIO at the initial stage and the imperfection of means to achieve this objective in the form of integrated analytical methods, which take into consideration the specificity of PCIO.
Thus, the issue of ensuring a selection process of the most promising PCIOs at the stage of initiation based on appropriate scientific tools is relevant both in applied and theoretical aspects. It needs scientific consideration and revision.
Literature review and problem statement
An analysis of modern tools used for pre-investment analysis of alternative project variants showed that bases of models and methods are different components of a project or combinations of components. For example, paper [1] proposed a method, which makes it difficult to predict time parameters of realization of a construction project of an industrial object without taking into consideration time required for a purchase of equipment, its installation, testing and operation. The approach does not make it possible to establish accurate forecast efficiency indicators for an entire project, and therefore this methodology cannot fully meet needs of PCIO investors.
The method presented in work [2] allows running an analysis of a construction project to select the most effective system of financing. That is, the methods provide analysis of all possible sources of funding for a construction project and options for their ratio to ensure optimum cash flow necessary to meet project needs. Since the base of the approach is CRM, determination of a size of required investments and possible options for a ratio of funding sources, we can state that the technique is appropriate at the stage of project planning. In addition, such an analysis is large-scale and complex, and therefore it has a high cost, which makes its use unjustified from an economic point of view at the stage of initiation of PCIO.
Authors of paper [3] proposed a method for planning the cost of construction-and-energy projects, which takes into consideration a change in a cost of resources over time, investment and time limitations of a project. The method takes into consideration dynamic changes in the environment of a project, and makes possible to predict the most accurate cost of a construction project in a long run. However, a use of the method for analysis of projects that have a lifetime of up to one year is not appropriate, because a base of the method of planning of a cost of construction-and-energy projects is a procedure of reduction. A change in a basic indicator of it occurs once a year. Consequently, the method is not relevant for PCIO analysis, since realization of such projects takes up to 1 year.
During the analysis of a project, authors of study [4] suggested, first of all, to identify and assess risks of a construction project, to compare risks by a level of criticality, and to decide on appropriateness of realization of a construction project based on results obtained. Authors of [4] proposed to apply this approach primarily to "green building" projects. Such specialization justifies inclusion of various estimation procedures that are not applicable to industrial objects construction projects to the procedure of risk analysis of a project. In addition, the method of assessment of feasibility of a project based on its riskiness does not provide a full amount of necessary information for making an adequate management decision. This demands more attention to development of complex methods for assessment of projects at the initiation stage from the scientific community.
Authors of the study presented in paper [5] proposed a mechanism for structuring of a decision-making process in construction projects in the presence of constraints, such as resource shortages or specific project limitations and organizational limitations. The basis of the mechanism is an analysis of partner relations between stakeholders of a project, and a change in an additional cost of a construction project. Such an approach is appropriate for implementation of construction projects of low innovation level. Since PCIOs are highly innovative projects, this method of estimation of the predictive cost of a project is not appropriate. In addition, the base of PCIO is an offer of a partner-supplier of specific equipment.
In work [6] , authors conducted a study of the 50-year construction and operation of an American bridge. The result of the study was the discovery that a use of all opportunities created by a project and an increase in benefits of a project requires involvement of many categories of stakeholders. They discovered also that interested parties are more involved in a project when they are proud of it. They determined that it may take a long time for some project-related capabilities before their application and achievement of appropriate benefits. These results are important in the view of authors of an article, since the specificity of PCIO is largely the same as in the project studied in the work. PCIOs have a large number of stakeholders, and a significant part of the success of a project depends on performance of their activities. Results of a project have a long-term use.
Authors discussed management of relations with suppliers and/or subcontractors in construction projects in paper [7] , they found that these relationships are critical due to the additional dependence of completion of work on them. However, it is unclear what factors influence such relationships in construction projects. Data collected by the authors of the study demonstrated how different aspects of relationships with suppliers and/or subcontractors can affect project outcomes. In study [8] , authors noted that the competence of human resources of a project is a critical indicator, which needs analysis at the stage of project initiation. Because their value depends on achievement of the most part of results of a construction project.
Thus, we should note that there are many studies focused on development and improvement of methods of analysis of construction projects. Their results give possibility to decide on feasibility of implementation of construction projects. However, bases of all the methods are various aspects of project analysis, such as time of project implementation, its cost, human and other resources availability, etc. PCIOs are complex projects, and therefore, they require a comprehensive and thorough analysis, that is, integration of analyzed methods and tools. In addition, the method of PCIO analysis at the initiation stage should take into consideration the fact that the primary factor is an offer of suppliers of specific equipment, which will ensure a technological process of production further. That is why the issue of development of a complex integration-analytical method for initiation of PCIO is relevant. It requires scientific consideration and revision.
The aim and objectives of the study
The objective of the study is to develop an integration-analytical method for initiation of construction projects for industrial objects. It would make it possible to bring down resource and time expenditures required for an analysis of alternatives to PCIO at the stage of project initiation.
We need to solve the following tasks to achieve the objective:
-development of a mechanism for formalization of the idea of PCIO as an investment object;
-development of a procedure for analysis of the market for implementation of PCIO innovative products;
-improvement of the method for analysis of competitive advantages of PCIO innovative product;
-improvement of the model of selection of a supplier of specific equipment for PCIO implementation.
Materials and methods to study the processes of complex multicriteria analysis of PCIO at the stage of initiation
The untypical architecture of the initiation phase of PCIO requires an integrated approach to its realization. That is, a use of a set of methods of investment, marketing and innovative nature. It is expedient to structure them according to stages of a conceptual model of the initiation phase of PCIO initiation presented in paper [9] . There is a modified express-estimate based on sectoral coefficients applied at the stage of formalization of PCIO idea. There is a comparative step-by-step analysis according to characteristics of the market, a product of PCIO, consumers and competitors adapted to the specifics of PCIO at the stage of the analysis of the market for implementation of a product of a new industrial object. It includes the LONGPEST analysis. There is a procedure of assessment of the innovative potential of PCIO based on the model of product competitiveness applied in the analysis of competitive advantages of a product of a new industrial object. Selection of a supplier of specific equipment for an industrial object goes according to a supplier choice model based on a fuzzy logical method, which uses compositional aggregation rules for description of alternatives with information on advantages of a decision maker. The final step of the integration and analytical method of initiation of projects for construction of industrial objects is a procedure of making a decision on acceptance/refusal of realization of PCIO.
1. Development of a mechanism to formalize the idea of PCIO as an investment object
The first stage of the integration-analytical method of initiation of projects of construction of industrial objects is formalization of the idea of PCIO as an investment object. At this step, we define the following: investment attractiveness of industrial activities for PCIO realization.
Authors of papers [10, 11] proposed to carry out forecasting of a market situation for the choice of main directions of a strategy of investment activity and formation of an investment portfolio of an enterprise. Bu t this process is rather largescale, high costly, descriptiv e , little formalized and, in most cases, subjective. Therefore, in order to determine investment attractiveness of PCIO industry, we propose to use a modified express-estimate based on the industry coefficients method.
The method of sectoral coefficients refers to the comparative approach of assessment of company value in the classic version. It represents a combination of two following methods: companies-analogues and transactions. A base of calculations are multipliers, i. e. coefficients, which characterize the dependence of the market value of companies-analogues on the main indicators of an enterprise (revenue, net profit, etc.). Here, the main indicators are: 1) Revenue (Sales, S), a.u.; 2) Net profit (Earnings, E), a.u.; 3) Company Value (Enterprise Value, EV) is an analytical indicator, which is an estimate of a company's value taking into consideration all sources of its financing such as debt obligations, preferred and ordinary shares and a share of external owners. The advantage of this indicator is that it takes into consideration company's obligations in terms of its shortterm and long-term debts. The lower the value of the indicator is, the higher is the return on the invested capital.
We can calculate EV as:
where MC (Market Capitalization) is the market capitalization, a.u.; ND (Net Debt) is the net debt, a.u., MI (Minority Interest) is the cost of shares owned by external owners in subsidiaries of a company, it is not part of the controlling share, a.u. In turn, we can calculate MC and ND by formulas (2), (3):
where SP (Share Price) is the market value of a share, a.u.; SO (Shares Outstanding) is the number of shares in circulation.
ND=STD+LTD-CCE,
where STD (Short Term Debt) is the short-term debt, a.u.; LTD (Long Term Debt) is the long-term debt, a.u.; CCE (Cash & Cash Equivalents) are cash and cash equivalents, a.u. 4) Earnings before deduction of interest, taxes, depreciation and amortization (EBITDA) shows a financial result of a company, excluding an effect of a structure of capital (that is, an interest paid on borrowed funds), tax rates and amortization policy of an organization. The indicator is useful for comparison of enterprises that are in one industry, but have a different capital structure. Investors focus on EBITDA as on an indicator of the expected return on their investments. We can calculate EBITDA:
where P(L)BT (Profit (loss) before taxation) is the profit (loss) before taxation, a.u.; PP (Percentage to be paid) are the compulsory interest payments, a.u.; A (Amortization of fixed and intangible assets) are the amortization charges from fixed assets and intangible assets, a.u. Application of the industry coefficient method for assessment of future business is complicated in a pure form because of lack of a necessary information base. However, we can use its basic principles for express assessment of industry's approximate attractiveness in order to determine its investment potential. Conduction of a comparative analysis of results of a rapid analysis of several industries will determine a technological orientation of PCIO from the position of the forecast of the highest investment effect. In this perspective, the express assessment by sectoral coefficients will include the following main stages (Fig. 1): -identification of the industry; -selection of analogue companies;
-identification of factors of growth of value inherent in the industry;
-determination of an average industry value.
A quality of a sample of analogue companies determines accuracy of estimation of the investment potential of the industry by the indicated method largely. A sample should include about 5-10 domestic analogue companies, as cost coefficients of foreign companies reflect a level of investment risk differently from the Ukrainian level and another stage of a life cycle of the industry.
The implementation of the express method requires definition of a list of factors that affect a value of analogue companies in a particular industry. To do this, we need to study marketing research materials, analytical reviews, and to collect the following indicators of company's multipliers: a ratio of the market value of a business (EV) to the reporting date to earnings (S) and EBITDA on the previous reporting dates and forecast date.
Since marketing research and analytical reviews may not be sufficient (in particular, it is not possible to determine why cost coefficients of any company are higher than others) for a full analysis, it is advisable to calculate the main financial indicators of analogues based on them, namely:
-a revenue (S) for each year
-a profit before deduction of interest, taxes and amortization (EBITDA) for each year
-EBITDA growth rate as a ratio of a value for the next period to the previous one deducting 100 %.
We can rank analogue companies by "Cost/EBITDA" multiplier and construct a trifactor scoring model on the basis of the obtained financial indicators. Table 1 presents the template of a model. Table 1 Template of a scoring model to rank the industry's cost coefficients
We can determine the most attractive sector of investment placement based on the comparison of indicators of scoring models of different industries. We also can identify potential competitors and establish a forecast level of profitability of an enterprise to ensure its competitiveness, and hence the expediency of PCIO realization.
2. Development of a procedure for analysis of a sales market for a new industrial object
Making a decision on the initiation of PCIO requires to carry out a forecast analysis of product's realization of a new industrial object based on market monitoring. There is a large number of indicators, by which we can analyze trends and build trends in market processes. However, a detailed analysis of all indicators is not feasible for the analysis of the market environment for PCIO realization, since a large number of indicators for this analysis are long-term, high-value and complex. Therefore, we propose to apply a step-by-step comparative analysis of aggregate indicators of the market environment for PCIO realization. Table 2 gives the scheme of market analysis.
Let us consider these indicators in more detail. The first indicator of market analysis for a new product is profitability of a selected market segment. Of course, sales profitability is individual for each individual company and depends on a cost of production and on a price of its sale. For a new industrial object, we can use the ratio of a product price to its cost as an indicator for the analysis of profitability of a selected market segment. We denote it as p. We can calculate the ratio by formula (7):
where c is a unit price, a.u., pc is a cost per unit of a product for a new industrial object, a.u. If we use the maximum market value of a unit of a product for calculation, then this ratio reflects the maximum level of profitability of a segment for a given industrial object. The minimum level of profitability for an industrial object is one, that is, a price of sales is equal to its cost. If the calculated value for PCIO is p<1, then the output of a new product on the market is not expedient, since it will bring the corresponding losses. It is a known fact that the higher a rate of return, the better for an industrial object. However, at the first step of the market analysis, it is also advisable to determine which rate of return is acceptable for a new industrial object. That is to calculate p opt , which will show a level of profitability of a new enterprise to ensure successful operation.
We propose to use this indicator as the basis for further market analysis, as it is the main characteristic of results of enterprise operation. It is expedient to consider the rate of return in dynamics.
That is, we must take into consideration that the indicator may vary in dependence on the stage of realization of a project of construction of a new industrial object and stages of life cycles of a new enterprise and an innovation product.
The indicator of a growth rate of a segment shows dynamics of a change in a size of a market segment over time. The growth rate of a market segment is closely related to a life cycle of a product segment of the market and a degree of innovation of a new product of an industrial object. Thus, if the considered existing products of the market segment are at the stage of implementation, then we can state that the market has high growth rates, and therefore there is potential for the sale of new products. If products of the market segment are in the stage of maturity, that is, the maximum seizure of the market segment, then the output of a new product on the market will require high additional costs. However, if segment products are in a downturn, then growth rates of the market segment are absent or even have a negative tendency. Therefore, it is expedient to put on the market goods that have a significant innovative component only.
Thus, we can state that strategies for introducing a new innovative product to the market with varying degrees of innovation differ depending on the stage of a life cycle of the market segment. Fig. 3 shows this.
We can determine the stage of the life cycle of a market segment at a particular moment by the analysis of a magnitude of a difference between the maximum capacity of a market segment ES and a size of an offer of competitors K at different times. The formula for calculation of the difference has the form (8):
where ES t is the capacity of the market segment at t time, ths. prod. units, K is the capacity of the competitive market segment k at t time, ths. prod. units, p is the number of competitors.
If the dynamics ∆ES t has a downward trend, then this indicates that the segment of the market is on the rise. If its rising -then the segment is at a stage of decline, and if the dynamics is constant conditionally (the deviation is not significant), then the segment is at the stage of maturity.
To perform the analysis in this way, we should take into consideration an impact of seasonality on a magnitude of
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Uϵ [7;9] Environment is favorable Environment is not favorable PCIO implementation Fig. 2 . Scheme of analysis of the market regarding a new industrial object sales of certain types of products, as well as an average life cycle of products. They determine a choice of a correct time period for analysis of a life cycle of a market segment.
The capacity of the market segment is an absolute indicator, and it can have different sensory load for various industrial objects. This indicator is complex in terms of its interpretation, and as a consequence, application. Therefore, it makes sense to use a relative indicator, which shows the ability of a new industrial object to provide a free market segment and a segment planned to capture from competitors with innovative products in the analysis of the capacity of a market segment. We denote this indicator as F, then the formula for its calculation will take the form (9):
where E is the capacity of a market segment, ths. prod. units, K is the capacity of a market segment, which belongs to competitors, ths. prod. units., m is the percentage of a market segment of competitors planned to capture, shares of a unit. We determine the magnitude of production of an innovation product by a new industrial object as f, then the condition f≥F is obligatory for the full coverage of a potential market segment. Moreover, the minimum f value, at which production of an innovation product is possible, is equal to a volume of production at the break-even point, that is, fbp, ths. prod. units. We calculate it from formula (10):
where fc are the fixed costs, a.u., c is the price per unit of a product, a.u., ac are the average variable expenditures per unit of product, a.u. Consequently, the conditions fbp≤f and f≥F are obligatory to meet needs of consumers in the potential market segment.
The next indicator is the analysis of competitors in the industry. We can use an indicator of coverage of a market segment for analysis. Thus, if a share of coverage is more than fifty percent, then this company is a leader in the industry. High investment volumes are necessary for the competitive struggle with it in the early stages of operation of a new industrial object. If there are many small and large competitors in the market segment, the process of bringing a new product to the market requires lower investment costs. Popularity of a competitor brand is also important, because the more popular a brand is, the more money you need to spend on the strategy of bringing of a new product to the market. It is advisable to analyze probability of entering of newcomers to the market and to formulate mechanisms for responding to them with the establishment of a reserve fund in advance. The indicator of diversity of a products range is of great importance in this segment of the market, since the larger a product range is, the more difficult and more expensive is to bring an innovative product to the market. In addition, it is necessary to analyze existing sales channels during the analysis of the market for implementation of a new product of an industrial object. In particular, it is necessary to consider a degree of their monopolization. Thus, the introduction of a new product of an industrial object into the market in the presence of monopolized channels of product sales is complicated because of a need to conclude contracts with existing sales channels. Thus, at this step, it is necessary not only to conduct a detailed analysis of competitors, but also to determine a strategy of interaction with them. After determination of a strategy, it is necessary to determine its value and to calculate a rate of return of a new industrial facility during and/ or after implementation of the strategy, i. e. to calculate p s . We should take into consideration the fulfillment of the condition p s ≥p opt at consideration of the decision on feasibility of implementation of a project for construction of a new industrial object. We propose to refuse the realization of a project if there is no fulfillment of the condition, or to determine how much lower is the calculated rate of return value than the acceptable norm for a company and how it changes over time, and then to draw conclusions on feasibility of a project.
The next step is to analyze technological capabilities of a new industrial object, in particular: a level of production manufacturability (і t ), speed of innovation introduction (і v ) and resource availability of production (і r ). These indicators are subjective, because they depend largely on expert judgment or a decision maker. Therefore, it is expedient to bring their linguistic characteristics to score points for adequate application in conduction of market analysis, and to draw a conclusion on the feasibility of a project based on the amount of points. Table 2 presents the scale of linguistic characteristics of the indicators with corresponding score points.
After determination of a score of each indicator, we determine the total indicator of manufacturability of new production T by the formula (11):
( 1 1 ) where T is the total indicator of manufacturability of new production, point, і t is the score assessment of a level of manufacturability of PCIO production, point, і v is the score assessment of a speed of innovations introduction in new production, point, і r is the score assessment of resource availability of new production, point. If the total index is Tϵ [8; 9] , it is advisable to decide on the implementation of PCIO, since such high values of the indicator prove a high level of manufacturability of new production, which is a potential competitive advantage, as well If Tϵ [5; 7] it is expedient to carry out an additional analysis. The purpose of it will be identification of opportunities to improve a level of manufacturability of new production. If there are such opportunities, it is necessary to carry out an assessment of the cost of implementation of innovations, and an analysis of how innovation will affect the rate of return on a new industrial object. If the calculated rate is significantly lower than p opt , then it is necessary to refuse from a project, if the indicator has a minor deviation, then we should accept a project for implementation.
If Tϵ [3; 4] it is better to refuse from implementation of PCIO, since this production will have a low level of innovation, and as a consequence, a significant number of competitors.
We propose to assess preferences of consumers of products of a new industrial object at the next step of the market analysis. The base indicators for the analysis are: a frequency of use of a product of a new industrial object (u f ), consistency of a demand for a new product (u c ), a hidden demand for a new product (u h ) and a level of loyalty to existing products in the market (u l ).
Calculation of mentioned indicators in absolute terms is expensive and long-term process. Calculated data may have a large error if a level of innovation of a new product is high. This may lead to over-expenditure on implementation of PCIO. Thus, it is necessary to conduct an analysis of consumers' preferences to conclude on feasibility of a project at the stage of its initiation. We propose to do this in scores. Table 3 presents the scale of linguistic characteristics of the indicators in score points.
After determination of a score estimate of each indicator, we can calculate the total indicator of preferences of consumers of new production U according to formula (12) :
( 1 2 ) where u f is the frequency of use of a product of a new industrial object, point, u c is the consistency of demand for a new product, point, u h is the presence of a hidden demand for a new product, point, u l is the level of loyalty to existing products on the market, point. If Uϵ [10; 12] , then it is advisable to implement a project, because high scores indicate that consumers are interested in a new product.
If Uϵ [7; 9] , then an additional analysis of a structure of the indicator is necessary, that is, it is necessary to determine which components are low and how to improve characteristics of a new product in order to increase U. It is also necessary to determine a cost of such improvement of a product and to determine how this will affect the rate of return for an enterprise. If the calculated norm has an insignificant deviation, then it is advisable to accept a project for implementation, and if it is significantly lower than p opt , then it is necessary to refuse from a project.
If Uϵ [4; 6] , implementation of a project is not appropriate. Hidden demand is present, but its value is not critical 2
Hidden demand is present, and has a significant value 3
Level of loyalty to existing products in the market (u l ).
High loyalty level 1 Medium loyalty level 2 Low loyalty level 3
The next step is the LONGPEST analysis. This is a variation of the traditional PEST analysis, which makes possible to determine environmental conditions favorable for project implementation. LONGPEST analysis includes evaluation of all factors at the local, national and global levels. These estimates make possible to get an idea of a state of the external environment at a particular time, and to predict likelihood of changes in subsequent periods. If results of LONGPEST analysis on environment are favorable, then we should implement a project. If not, we should discard a project, because it is almost impossible to reduce an impact of the external environment on a project, and it is not feasible economically to operate under adverse conditions. Thus, the proposed scheme for assessment of the market for implementation of a new industrial product gives possibility to reduce time and resource costs for analysis and not to lose a significant value of evaluation accuracy, which is of high importance at the initial stage of PCIO. We chose the rate of return of a new industrial object as the resultant indicator. And we should make the decision on implementation of certain PCIO works based on a deviation from its planned value.
3. Improving the method for analysis of competitive advantages of a product of an industrial object
There are two groups of parameters of competitiveness of goods in the classical theory of marketing (Fig. 4) .
Companies need to find new properties of already known products to gain sustainable competitive advantages, especially at the stage of creation of a new enterprise, or to enter the market with a non-taxable product. That is, one of the important factors that can affect competitiveness of both individual goods and business in general, is application of various types of innovations in production. It improves production and financial activities in a new and existing institutional environment significantly. That is why we propose to base the methodology for assessment of competitive advantages of a product of an industrial object on indicators of its innovative potential.
The basis of the methodology is the mathematical model of product competitiveness based on the following:
-selection of competitor products must consist of not less than three units;
-provision of standards for possibility of comparison of characteristics of goods that have different dimensions;
-it is necessary to rank goods according to a degree of priority according to expert assessments or assessment of a decision maker (DM) taking into consideration that characteristics of goods have different degrees of importance for a consumer;
-it is necessary to take into consideration that the most successful value of a particular criterion can be as maximum (for example, profit per unit of product) as minimal (for example, cost of goods) in assessment of criteria of an innovative product, which compares alternatives;
-since not all criteria have numerical parameters (for example, a color of a product), it is expedient to assign a numeric (score) value to each value and to determine the highest priority value (minimum or maximum).
Experts or DM determine the priority of product parameters (importance) by points in the range from 1 to 10, then we can determine the sum of priorities for a whole set of characteristics. We can determine the individual relative priority for any parameter by a ratio of its own numerical priority of a parameter to the sum of all priorities by formula (13). 
where a i is the relative priority of any i-th parameter; r pri is the numerical priority of any i-th parameter; n is the number of parameters, which we need to compare.
The sum of all relative priorities is equal to unity. We denote a standardized value of the same parameters relatively to the best parameter of any of the compared variants as µ i .
We carry out standardization of product parameters by the ratio of single-type numerical characteristics of parameters of all competing goods to numerical characteristics of a parameter-leader, which we take as a unit. Parameters of other competing goods will be a fraction of a unit. That is, if a parameter, under which the comparison goes, maximizes, then we choose the largest numerical value of this parameter among alternatives presented, and we take this value as the reference one, that is, µ i =1. We obtain the remaining µ i values by dividing the numerical characteristic of the compared indicator into a reference value.
If the parameter, under which the comparison goes, minimizes, then we choose the least value of this parameter among the alternatives presented, and we also take this value as the reference, that is, µ i =1. But we obtain the calculation of other µ i values by dividing the reference value into the numerical characteristic of the compared indicator.
The basis for evaluation of competitiveness of each option is the calculation of the indicator of innovative potential M j (14) by calculation of the maximum of the weighted sum. The leader will be a product that receives the highest value of the sum of products of the priority coefficient a i on the standardized value of µ i characteristic. ( 1 4 ) where µ ij is the normalized value of i parameter and j alternative.
To calculate a coefficient of fluctuation of the standardized characteristics relative to the innovation potential, it is necessary to determine a mean square deviation according to the formula (15). ) where σ j is the root mean square deviation from the innovation potential.
We can carry out the calculation of the coefficient of fluctuation of standardized characteristics relatively to the innovation potential by formula (16).
The smaller is the value of the coefficient of fluctuation of standardized characteristics relatively to the innovation potential, the better, since it indicates that alternatives with the highest priority have the largest values.
Let us take such a product with all normalized characteristics equal to one as an ideal product, then the innovative potential for M per is also equal to one. We 
( 1 7 ) where ∆M jper is the deviation of innovative potential of an alternative from the ideal value. This indicator should tend to a minimum, since the most attractive is the alternative, which is closest to the ideal. For further analysis, we compare innovative products in pairs. We form pairs from the nearest competitors and take the indicator with the maximum value of the innovative potential. That is, we calculate a private index and a general index of advantages of an innovative product over its closest competitor according to the formulas (18) to (21).
We calculate the private index of an advantage of an innovative product over the nearest competitor by mathematical expectation (innovative potential) as follows:
( 1 8 ) where M jp is the value of the innovation potential of an innovative product; M jcom is the value of the innovation potential of a competitor's product. This indicator shows how an innovative product exceeds the competitor's product by the indicator of the innovation potential.
Similarly, we calculate the index of deviations from the ideal value (19).
where ∆M jbestp is the value of a deviation of the innovation potential from the ideal value of an innovation product; M jbestcom is the value of a deviation of the innovative potential from the ideal value of a product-competitor. This index shows how much the innovative product exceeds the competitor's product by the rate of deviation of the innovative potential from the ideal value.
We calculate the index of fluctuations of standardized characteristics relative to the innovation potential by formula (20). 2 0 ) where γ jcom is the value of fluctuation of standardized characteristics relative to the innovation potential of a competitor product; γ jp is the value of fluctuation of standardized characteristics relative to the innovation potential of an innovation product. We calculate the general index of an advantage as the sum of private indices. It shows the total amount for which an innovative product exceeds a nearest competitor product (21).
( 2 1 )
Improving the model for choosing a supplier of specific equipment for an industrial object
There are different methods to solve the problems of selection of effective technological solutions from a certain set of options. A focus of most of them is a use of cardinal (numeric) information. Such methods include a method of prioritizing, a score rating estimation, a method of acceptability categories, a method of costs estimation, a method of dominant characteristics, etc. However, there are tasks that require information of an ordinal (serial) nature or information of both natures at the same time in the practice of decision-making on initiation of PCIO. That is, in presence or absence of information about importance of performance indicators, because of the need to take into consideration many factors of economic, technical and productive nature.
Making an economically sound and well-grounded management decision to purchase specific equipment gives possibility to minimize investment costs of PCIO, and, in the future, operation costs of an enterprise.
Selection of a supplier of specific equipment for an industrial object is complex due to presence of a number of powerful manufacturers of the same equipment on the market or to the complete lack of proposals that can provide the innovative potential of a finished product. In the first case, it complicates definition of the optimal option, as aggravation of competition forces to improve constantly terms of sale, service, quality and prices. And in the second case, it is related to lack of equipment required characteristics. Therefore, there is a need to create an objective assessment tool that gives possibility to find reasonable solution, which meets objectives of PCIO.
It is expedient to use the vendor choice model based on a fuzzy logical method, which uses compositional aggregation rules for description of alternatives with information on advantages for a decision maker. The model will give possibility to assess expediency of a work with the selected supplier in the presence of all necessary information that can be processed by a relevant information system. According to the proposed model, a decision-making process consists of the following steps:
Step 1. Determination of supplier evaluation criteria. A set of criteria provides the expediency of selection of a supplier from several possible ones. Experts determine a weight of some suppliers, analytical calculations -of other suppliers. We base the proposed model of supplier comparison on the following criteria:
Cost of equipment. Typically, this criterion is critical. In this model, a cost of equipment is a complex indicator that takes into consideration a cost of specific equipment, a cost of supply (including transport, customs, etc.), installation works;
Due date of an order. Includes duration of production of equipment, delivery time and installation;
Terms of payment. Based on availability and volume of subscription;
Reliability of a supplier. Reliability refers to ability of a supplier to provide installed quality equipment in accordance with a level of competitiveness and technical parameters at a specified price within certain time limits.
Stability. Characterizes continuity of contract terms. Quality of equipment. This indicator takes into consideration not only qualitative technological parameters of equipment and its reliability directly, but also a quality of technical support of a manufacturer (training, availability of technical documentation, certificates and other permits, availability of service, supply of spare parts, etc.);
Competitiveness. A characteristic that reflects a difference from equipment of a competitor, that is, ability to provide an indicator of an overall index of advantages of an innovation product (21);
Environmentally favorable equipment. An environmental coefficient (k e ) characterizes efficiency of any production.
We can define it as a difference between a cost of raw materials taken per unit and a cost of generated waste (w).
where w is the cost of waste production reflected in a percentage of a cost of raw materials, a share of unit.
Fluctuations of k e value in the range from 0.9 to 1 indicates high ecological efficiency of production and a low level of environmental pollution.
Step 2. Installation of a supplier parameters package. Taking into consideration characteristics of the above criteria of assessment, we establish parameters for the supplier's choice: x 1 is the cost of equipment; x 2 is the due date of an order; x 3 are the terms of payment; x 4 is the supplier reliability; x 5 is stability; x 6 is the quality of equipment; x 7 is competitiveness; x 7 is the environmentally friendly equipment.
The task is as follows: we need to choose one supplier from N set of potential suppliers that produce similar equipment. The supplier should meet the requirements specified above. In accordance with the method of multicriteria selection of alternatives based on the rules of fuzzy derivation [12] , N is the set of suppliers, A is its fuzzy subset, a degree of membership of elements to it is a number from the single interval [0; 1]. The subsets A j are values of X linguistic variable. We assume that the set of criteria x 1 , x 2 , ..., x p, that is, the linguistic variables given on the basic sets n 1 , n 2 , ..., n p respectively, characterizes the set of solutions. A set of several criteria with corresponding values characterizes a perception of a decision maker on satisfaction with an alternative, which is denoted by β variable and it is also linguistic. Bearing in mind the meaningful characteristics of the supplier's evaluation criteria, we form an expression that describes the satisfaction of the alternative. In general, m expression takes the form (23).
т: If x 1 =A 1i , and x 2 =A 2i , and … x p =A pi , then β=B i .
Taking into consideration the introduced x symbols, m expression can take the form: m 1 -"If a supplier offers equipment at a low price, time of execution of an order is minimal, equipment is of the required quality (high), then a purchase option (supplier) satisfies"; m 2 -"If a supplier offers equipment at a low price, time of execution of an order is minimal, equipment is of the required quality (high) and a company of a supplier proved its reliability, then a purchase option (supplier) more than satisfies"; m 3 -"If a supplier offers equipment at a low price, equipment is of the required quality (high), the environmental factor is in the range from 0.9 to 1, a deadline for an order is minimal, a customer offers convenient forms of payment, a high level of stability, then a purchase option (supplier) is optimal to a high degree"; m 4 -"If a supplier offers equipment at a low price, equipment is of the required quality (high), time of execution of an order is minimal (high speed delivery), a customer offers convenient forms of payment, a high level of stability, the coefficient of environment is in the range from 0.9 to 1, a supplier proved to be reliable, then a purchase option (supplier) is very satisfying "; m 5 -"If a supplier offers equipment of the required quality (high), delivers in minimal terms (high speed of delivery), a customer offers convenient forms of payment, a high level of stability, the environmental factor is in the range from 0.9 to 1, a supplier proved his reliability and can provide innovative potential, then a purchase option (supplier) more than satisfies "; m 6 -"If a supplier offers equipment at a very high price, products are of inadequate quality (low, medium), long delivery times, then a purchase option (supplier) is unsatisfactory".
For formulation of the rules, we give the following possible values of linguistic X i and Y variables, which serve to evaluate suppliers: Table 4 presents the values of Y variable given with a use of membership functions. Table 4 The value of Y variable
We choose from N set of alternatives ={n 1 , n 2 ,..., n k }. In the task of the choice of a supplier, the following fuzzy sets express a level of assessment:
-low cost A a n a n a n k = { } / , / ,..., / , -sufficient reliability Step 3. Identification of the most promising alternative. We describe satisfaction of the alternative by fuzzy A subset with N. We can determine it based on the compositional rule of conclusion:
B=A°D, ( 3 6 ) where B is the fuzzy subset of I interval.
Comparison of alternatives goes based on point estimates. We define α-level set a Î[ ] ( ) 0 1 ; for C I ⊂ fuzzy set:
For each С α , we calculate an average number of elements -M (С α ) for a set of n elements. We determine a point value for C set by formula (38).
where α max is the maximum value in C set. We find satisfaction for each alternative at selection of alternatives and calculate a corresponding point score. The best one is the alternative with the highest value of point estimate.
A test case for implementation of the integrationanalytical method for initiation of construction projects of industrial objects
We considered six enterprises, which operate in the industry at the first stage of realization of the integration-analytical method of initiation of industrial construction projects according to the scheme of express assessment of investment attractiveness of the industry. We made the choice of the industrial branch based on the wishes of initiators of PCIO.
We calculated EV/EBITDA ranges by a multiplier in 2017, EBITDA growth for 2017 and EBITDA growth forecast for 2018 based on the performance indicators of the selected enterprises. We determined average industry values. We performed all calculations in US dollars. Table 5 presents the values obtained. We found that all the companies under investigation have positive EBITDA dynamics based on the data obtained. The companies are profitable. Three companies have the result higher than the average one in the industry, which indicates prospects of the industry for implementation of PCIO. Based on received information, we also revealed that an industrial object should plan result indicators of activity not lower than the average one in the industry to conduct an effective economic activity.
We should take the average value of the revenue in the industry as the starting point in analysis of the market for a sale of a product of a new industrial object. We can calculate the desired rate of return of a new industrial object on its basis, and to form P opt -a value of the ratio of the planned market price of a product to its cost, which fulfills the condition for profitability of a new industrial object.
Let us demonstrate realization of this step of the integration-analytical method of PCIO initiation. We assume that P opt should be equal to 2.3 to ensure the annual level of profitability of a new industrial object in the amount of USD 310,000 at the unit cost price of USD 138.1. Then, under these conditions, we consider the level of market profitability. To do this, we determine maximum and minimum prices for this type of a product. Let the highest price be USD 335.8, and the lowest one is USD 298.5. Then P max = =335.8/138.1=2.4, respectively, P min =298.5/138.1=2.16. Since P opt is between the maximum and minimum values and it is greater than 1, then we consider that this market segment is profitable under given conditions. Thus, we analyze the stage of the life cycle of the market segment. A base of this analysis of the market segment is estimation of dynamics of a difference between capacity of the market segment and a volume of offers of competitors for a certain period. Let us assume that the analysis of dynamics of a difference for a year showed that a deviation is insignificant, that is, that the segment of the market is in the stage of maturity. This indicates a need for additional consideration of a new product in terms of its innovation. Because the innovation of a product makes possible to increase its competitiveness significantly.
For the example, which is under consideration, we know that a new product will have an innovative component. That is, it is possible to carry out further evaluation of the segment of the market of new products.
The next step is to analyze ability of a new product to meet a need for a market segment in a new product. In order to implement this step of the analysis, first of all, it is necessary to determine a volume of production of a new product at the break-even point, that is, to calculate f bp . We assume that for new production f bp =4,000 prod. units. Second, we determine F value as a difference between the existing market capacity and the capacity of a competitor's market, taking into consideration a size of the market that is planned to by captured from competitors. We assume, for example, the total capacity of the market is 10,000 prod. units. A value that competitors have is 7,000 prod. units. The percentage of the competitive market segment that is planned to capture is 30 %, then F=10,000−7,000+(7,000•0.3)=5,100 (prod. units).
For the further analysis, we determine the maximum F value, for which is the calculated production capacity of a new industrial object calculated. For our example, f= =8,500 prod. unit. Thus, the condition f≥F is satisfied, that is, the production capacity of a new industrial object is capable to ensure the full market demand of a given segment of the market. And there is the condition f bp ≤f, satisfied, which indicates that the provision of new market segments will not lead to losses for a new industrial object.
The next step is to analyze competitors in the industry and to develop a strategy for interaction with them. In the future it is necessary to calculate a cost of implementation of this strategy taking into consideration a time factor, and to investigate how its implementation will affect a level of profitability of a new industrial object. That is, to analyze meeting the f bp ≤f condition. In the case of not meeting the condition, it is expedient to make a decision to refuse from the implementation of PCIO.
It is necessary to determine a level of technological capability of a new industrial object based of experts' assessments, or a person making a decision and initiating PCIO. Since the estimation of the given indicator is sufficient at the stage of initiation of PCIO, then we can use a linguistic assessment with a score scale presented in Table 2 . Let us assume that T=8 for estimated new industrial object, that is, the implementation of the project is feasible in terms of technological capabilities of PCIO. Similarly, we estimate preferences of consumers of a product of a new industrial object. Table 3 presents the scale for their evaluation. Let us assume that U=11 for the estimated new industrial object, that is the implementation of the project is appropriate in terms of preferences of consumers.
The next step is to perform a traditional LONGPEST analysis of the construction environment of a new industrial object. It makes possible to determine a level of environmental friendliness for implementation of PCIO. We accept the results of the LONGPEST analysis for PCIO, which we consider as an example, as favorable. That is, we consider the project recommended for implementation.
The third step in the assessment of PCIO at the stage of its initiation is a detailed assessment of competitiveness of a new industrial object. We propose to use the improved method of assessment of competitive advantages of a product of an industrial object based on indicators of its innovative potential for this assessment in the study. We select two products (A and B) that have approximately similar characteristics for the comparative evaluation, since innovative products do not have similar competitors' products generally. We denote the innovative product, with which the comparison will be made, as C.
We compare goods according to four most widespread criteria, namely: a unit product price, a.u.; a unit weight, g; availability of additional characteristics, yes/no; material used for manufacturing, points. To select the best product option, we need to determine score assessments for qualitative parameters of products. We denote the presence of additional characteristics as 1 point, and their absence as 0 points. The materials of which the products are made are: wood -7 points, plastic -3 points, and glass -1 point. We define those parameters, the best values of which are minimized, and those values, which are minimized. For our example, a criterion "weight" is minimized, and all others are maximized.
By means of the expert estimation method, we determine the priority of each criterion on a 10-point scale, that is, we determine importance of each criterion. We calculate the individual relative priority for each criterion according to the formula (13). Let us summarize the obtained data into Table 6 . Let us calculate the normalized values of all product parameters. We denote the best option as 1. We define the innovation potential, the mean square deviation and the coefficient of fluctuation by formulas (14) to (16). Let us summarize the obtained data in Table 7 . From the results obtained, it follows that C product has the smallest spread of characteristics, that is, that the basis of the competitiveness of a product is the indicator with the highest priority, that is, the price.
We calculate the level of deviation of characteristics of the innovative product from the ideal one by formula (17)
Conclusions
We developed an integration-analytical method of initiation of projects of construction of industrial objects in the study. Unlike the existing ones, the given method is complex, based on the specific life cycle of PCIO, it takes into consideration the innovative component of projects and availability of specific and unified resources necessary for PCIO implementation. Due to the integration of modern analytical tools into a single method, we achieve elimination of cases of dual analysis of indicators and exclusion of inappropriate criteria, a reduction in resource and time spent on management of PCIO.
1. We formulated a mechanism for formalization of the idea of PCIO as an investment object during the development of the integration-analytical method of initiation of projects of construction of industrial objects. The base of the mechanism is an analysis of investment attractiveness of PCIO implementation with a help of express assessment. The proposed mechanism makes it possible to determine the most attractive industry from the position of investments, as well as to identify potential competitors and to establish a forecast rate of return of an enterprise o f a new industrial object. That is, its focus is improvement of a quality of managerial decisions at the stage of PCIO initiation.
2. We developed a procedure for analysis of the market for implementation of innovative products of PCIO, which is a step-by-step analytical mechanism of seven indicators. Namely: a level of profitability of the market segment, analysis of its life cycle, a level of capacity of an industrial object to meet market needs, an influence of competitors, a level of technological capabilities of an industrial object, consumers' preferences, favorable external factors. A combination of approaches to the analysis of coefficients can reduce time and resource costs for market analysis not losing the accuracy of evaluation, which is of high importance at the initial stage of PCIO.
3. We have improved the method of analysis of competitive advantages of an innovative product of PCIO, which, unlike the existing criteria, uses the best indicator among comparative products and not a theoretical value. In addition, the procedure for this method includes an analysis of product characteristics that do not have clearly defined numerical parameters and makes it possible to take into consideration a rank of each characteristic according to preferences of DM. We achieved the improvement of a quality of management decisions for PCIO through the analysis of all product characteristics, and a decrease in cost characteristics of the method -due to the application of the score scale for linguistic parameters of a product.
4. We improved the model of a choice of a supplier of specific equipment for PCIO implementation. The base of the model is a use of the fuzzy logic conclusion method by development of a set of criteria specific to equipment suppliers for PCIO. A set of criteria includes a cost of equipment, a deadline for completion of an order, terms of payment, reliability of a supplier, stability, quality of equipment, competitiveness and environmental friendliness. Using these evaluation criteria could significantly reduce resource, time and money costs for performing the assessment of suppliers, and, thereby, to enhancing the quality of PCIO management.
